Abstract
Introduction
P450 enzymes constitute a superfamily of haem-thiolate proteins, widely distributed in bacteria, fungi, plants and animals. The enzymes are involved in the metabolism of a plethora of both exogenous and endogenous compounds. Usually, they act as terminal oxidases in multicomponent electron transfer chains, termed P450-containing monooxygenase systems (Degtyarenko, 1995) . All known P450-containing systems share a common structural and functional domain architecture. Apart from P450 itself, these systems can comprise several fundamentally different protein components and domains, all of which can be shared by other multicomponent/multidomain enzyme systems with various functions: FAD flavoprotein or domain, FMN domain, 2Fe-2S ferredoxin, 3Fe-4S ferredoxin, cytochrome b 5 . Either a FMN (flavodoxin-like) domain, a ferredoxins, or cytochrome b 5 serve as the electron transport intermediate between the FAD domain and P450. In turn, on the basis of sequence similarity, FAD flavoproteins can be categorised into three major families: The rapid growth of sequence information is making the gathering together of a comprehensive and up-to-date data set for extensive protein families increasingly laborious. For example, at least 450 different P450 sequences have been published to date (Nelson, 1995) , which represents a doubling of the collection since the 1993 nomenclature update (Nelson et al., 1993) . In an effort to facilitate access to electronic resources for all researchers working in the field of P450 proteins and P450 containing systems, we have created The Directory of P450-containing Systems (DPS), a Worldwide Web server available at < http://www.icgeb.trieste.it/p450/ > .
DPS contents and structure
Currently DPS presents the following data: 1. 'Core' (lists of accession numbers for components of P450-containing systems)
• Bibliography on P450-containing systems The 'core' of DPS is systematic information on protein and nucleic acid sequences of the P450 superfamily as well as other components of P450-containing systems and their homologues. Strictly speaking, DPS is more a 'virtual' than a 'real' tool (Harper, 1995) , i.e. rather than containing sequence information itself, it is composed mainly of direct links to 'primary' sequence databanks: PIR (George et al., 1994) , SWISS-PROT (Bairoch and Boeckmann, 1994) , EMBL (Emmert et al., 1994) and PRF/SEQDB (Protein Research Foundation, Osaka). In addition, DPS has cross-references to other databases such as PROSITE (Bairoch and Bucher, 1994) , PRINTS (Attwood et al., 1994) , ProDom (Sonnhammer and Kahn, 1994) , ProtFam at MIPS (George et al., 1994) , Entrez Taxonomy Database at NCBI (Benson et al., 1994) , ENZYME (Bairoch, 1994) , LIGAND (Suyama et al., 1993) and OMIM (Pearson et al., 1994) . Table 3 from Nelson el al. (1993) , containing accession numbers for known P450 sequences in PIR, SWISS-PROT and EMBL/GenBank databases, was used as a prototype of the page layout in DPS (Fig. 1 ). This table has been supplemented by the accession numbers in the PRF/SEQDB database. All the accession numbers are linked to the corresponding databases: 'clicking' the code retrieves the sequence. This allows the user to get the most up-to-date versions of sequences as soon as they appear in major databases. The table of P450 sequences is being continuously updated in accordance with the P450 nomenclature recommendations. Analogous tables have been compiled for other structural components of P450-containing systems. As of November 28, 1995 DPS contains reference data on 781 genes from 226 different species (Table I) .
Problems with data redundancy are reduced without loss of information merely through the siting of the entries in the table. For example, EMBL contains six entries corresponding to the human CYP1A1 gene; all of them are 1, 2, 3) are not homologous. Bacterial P450-speclflc ferredoxin reductasee belong to FADdependent pyrldlne nucleotide reductaee family, whereas cytochrome 6, reductase belongs to flavoppoteln pyrldlne nucleotide cytochrome reductase family. Adrenodoxln reductase shows no sequence similarity with other known ferredoxln reductases over the entire length of sequence. positioned in the CYP1A1 hum field and therefore the user will not treat them as different genes in spite of their distinct 'trivial' names [P-450 6, P(l)-450, P-1-450, P450c, P450IA1]. In the EMBL/GenBank database, the multi-exon genes are sometimes presented as a series of entries. For example, entries M30795 through M30804 represent the human CYP19 gene where each entry corresponds to one exon; six entries (M58932 -M58937) span the rat CPR gene consisting of 16 exons. A special page in DPS is dedicated to genes with a known exon/ intron structure.
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Search in DPS
To provide simple and fast textual searching in the whole P450 directory, glimpse version 3.0 (Manber and Wu, 1994) was installed.
Tools for updating DPS
To shorten the time-consuming process of searching for novel related sequences, we have created a small program in perl (Wall and Schwartz, 1991) . The program works in the following way:
• It connects to selected Worldwide Web servers (currently to expasy.hcuge.ch, www.genome.ad.jp and www.ebi.ac.uk). These servers offer the possibility of searching in the SWISS-PROT, PRF and EMBNew databanks, respectively • The program searches the above databanks using 30 pre-specified keywords • It then retrieves the results of each search and extracts the accession number for each sequence found • After comparing the accession numbers with those already included in DPS, the program extracts the missing ones and inserts them into a hypertext file Finally, the new sequences are classified manually and inserted into DPS. The above procedure can easily be employed for the semi-automatic update of any other sequence library.
Fingerprinting the structural domains of P450-containing systems
Structural domains can be characterized in terms of a number of separate sequence motifs. The groups of motifs, constituting the signature for a particular (super)family of sequences (also referred to as 'fingerprints'), provide a tool for the effective search of distantly homologous sequences (Attwood el al., 1994) . For all the components/domains of P450 systems, the corresponding fingerprints were constructed, which can be used to identify the new members of these protein superfamilies, even if the overall amino acid sequence identities are at or below the limit of significance (Table II) . The fingerprint entries are integrated in the PRINTS database and are available both via the www server at < http://www.biochem.ucl.ac.uk/bcrn/dbbrowser/ > and via the anonymous ftp elsewhere (Attwood et al., 1994) . Extra fingerprints will be added in the incoming releases of PRINTS to allow the further discrimination between protein families, e.g. P450 families.
